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Total knee arthroplasty (TKA) is the most commonly performed musculoskeletal procedure in the United States, with close to 700,000 performed annually. 1, 2 Future projections of TKA rates anticipate 3.5 million procedures being performed annually by the year 2030. 3 In the United States, rehabilitation after TKA can consist of several different practice settings depending on the patient, healthcare system, and decisions made by both the healthcare team and the patient. Rehabilitation begins in the acute inpatient setting after TKA, where decisions are made for the most appropriate discharge location for the patient. Possible discharge locations for a patient after TKA are a skilled nursing facility, an inpatient rehabilitation facility, home with home health physical therapy, home with a prescribed home exercise program, or outpatient physical therapy. 4 The proper discharge location depends on the patient's current functional ability at the time of anticipated discharge, physical demands of his/her home environment, social support, the patient's overall goals, and the patient's prognosis. Despite the high frequency at which TKA is being performed, there is sparse information on expected outcomes in the early postoperative period and how these outcomes relate to prognosis and long-term outcomes. This information is vital for clinicians to assist in discharge planning, establishing prognosis, and identifying patients at high risk for a poor outcome.
Knee range of motion (ROM) and physical functional performance are major outcomes after TKA. Preoperative measures of joint function and functional performance are robust predictors of postoperative outcomes. 5Y10 However, clinicians often do not have access to preoperative outcome measures in the postoperative clinical setting. To date, no study has compared acute postoperative outcomes with preoperative and long-term postoperative outcomes. Therefore, the purpose of this study was to assess the predictive value of functional performance and ROM measures taken during the preoperative and acute time points on long-term postoperative outcomes after TKA.
METHODS
This study was a secondary analysis of two pooled prospective randomized clinical trials. 11, 12 All patients were assessed 1Y2 wks preoperatively (preoperative time point) and 6 mos postoperatively (long-term time point) in the Clinical and Translational Research Center at the University of Colorado Hospital. The patients were also assessed 48 hrs after surgery (acute time point) on the inpatient orthopedic floor of the University of Colorado Hospital. Postoperative day 2 was chosen because the mean hospital length of stay is 3 days, and this enabled all patients to be tested; some were discharged on postoperative day 2. The 6-mo time point was chosen as the long-term time point because recovery after TKA usually plateaus by this time point. 13Y15 Informed consent was obtained from all participants. Both studies were approved by the Colorado Multiple Institutional Review Board.
Participants and Interventions
Sixty-four patients (mean [SD] age, 64.6 [8.5] yrs; 32 men and 32 women; body mass index, 30.6 [4.8] kg/m 2 ) were recruited from the community and with assistance of three participating orthopedic surgeons between June 2006 and June 2010. Eligible volunteers were those between the ages of 50 and 85 yrs and scheduled to receive a primary unilateral TKA secondary to end-stage osteoarthritis of the knee. Patients were excluded for any of the following criteria that could affect long-term functional performance: significant cardiac or neurologic impairments, contralateral knee osteoarthritis (as defined by pain greater than 5/10 with activity), other unstable lower extremity orthopedic conditions, body mass index of 40 kg/m 2 or greater, uncontrolled diabetes, or uncontrolled hypertension.
All patients underwent surgery in the same hospital using a tricompartmental, cemented TKA with a medial parapatellar surgical approach. After surgery, the patients participated in a standardized rehabilitation protocol beginning on postoperative day 1 as previously described. 16 The patients were seen twice daily in the acute setting for 2Y4 days before discharge to home. In the acute setting, rehabilitation consisted of patient education, passive and active ROM, gait training, transfer training, and stair training, if necessary. The patients were then seen in the home and outpatient setting for a total of 16Y18 visits during 8 wks. Rehabilitation in the home and outpatient settings consisted of passive and active ROM, lower extremity flexibility exercises, patellofemoral mobilization, incision mobilization, gait training, functional training (transfers and stairs), weight-bearing and nonYweight-bearing exercises, and modalities (ice and heat) as needed. All patients were given a home exercise program to be completed twice daily until discharge from therapy.
Outcomes

Range of Motion
Active ROM was measured with a long-arm goniometer with the patient lying in supine, as described by Norkin and White. 17 For active knee extension ROM, a raised block was placed under the patient's heel, and he/she was cued to actively extend his/her knee. Throughout this article, negative values of knee extension represent hyperextension. For active flexion ROM, the participant was cued to maximally flex the knee while keeping his/her heel on the supporting surface. The reliability of active knee flexion goniometric measurement after TKA is good 18 in the acute 19 (intraclass correlation coefficient [ICC], 0.89) and outpatient 20 settings (ICC, 0.81Y0.87). The reliability of active knee extension goniometric measurement is moderate 18 in the acute setting 19 (ICC, 0.64) and good in the outpatient 20 setting (ICCs ranging from 0.86 to 0.87). Passive knee extension goniometric reliability is poorer than that of active knee extension, yet both passive and active knee flexion demonstrate good reliability. 19, 20 Therefore, only active measurement ROM measurements were examined for the purposes of this article. 20 
Functional Performance
Measures of functional performance included the Timed Up and Go (TUG) and 6-min walk (6MW) tests. The TUG measures the time to rise from a chair, walk 3 m, turn around, and return to sitting in the same chair without physical assistance. 21 The same chair (seat height of 46 cm) was used for both inpatient and outpatient testing, and the patients were allowed to use an assistive device to complete the test if needed. The TUG test demonstrates good reliability 22 (ICC, 0.75) in the patients awaiting TKA. The 6MW test is a commonly used test to assess walking speed and endurance after TKA. 14,22Y24 The patients completed this test in an indoor hallway with a 30.5-m (100 ft) walkway and were instructed to walk back and forth to cover as much distance as possible in the 6-min period. The patients were allowed rest breaks if needed and the use of an assistive device, if necessary. The 6MW test demonstrates good reliability 22 (ICC, 0.94) in the patients awaiting TKA. However, the 6MW is too difficult for the patients to complete in the acute setting. Therefore, only the TUG was used to measure acute functional performance, whereas both the TUG and 6MW tests were used to measure outpatient functional performance at both the preoperative and long-term time points.
Statistical Analysis
The SAS version 9.2 (SAS Institute Inc, Cary, NC) was used for all statistical analyses. Data from the two clinical trials were examined before data pooling. Trial 1 examined the use of neuromuscular electrical stimulation on the recovery of strength and function after TKA. Only the patients from the control group in trial 1 were included because functional outcomes in the experimental group were significantly better. 12 The patients in the control group participated in a standardized rehabilitation program that did not use neuromuscular electrical stimulation. Trial 2 examined the use of minimally invasive surgery on the recovery of strength and function after TKA. Both the control group (TKA with a traditional surgical approach) and the experimental group (TKA with a minimally invasive surgical approach) were included because there was no difference between groups over time in ROM or function. 11 All patients in trial 2 participated in the same standardized rehabilitation program as the patients in trial 1. Differences in age and body mass index between the two clinical trials were analyzed using an independent samples t test. Differences in sex between the two clinical trials were analyzed using the W 2 test. Differences in the TUG and 6MW tests over time between the groups were examined using a repeated-measures linear mixed model. There were no differences in age, body mass index, sex, and TUG or 6MW outcomes over time between the two clinical trials.
After data pooling, basic descriptive statistics were calculated, and the distribution of continuous outcomes was examined for evidence of skew. The TUG test times were log transformed secondary to the presence of positive skew to ensure proper statistical inference in the linear regression analyses. Linear regression was used to examine the relationship between outcome variables over time. Study group was also assessed as a potential confounder; however, no evidence of confounding was found, and therefore, all results report the crude, unadjusted beta coefficients. With 64 subjects, the central limit theorem ensures the robustness of statistical inference (P values and confidence intervals [CIs]) using standard linear regression methods. Linear regression was also used to assess the contribution of changes in acute TUG performance and preoperative TUG performance to changes in long-term 6MW performance after adjusting for age and sex, which have been shown to be related to functional outcomes after TKA. 8 A two-tailed > level was set at 0.05 for the regression analyses.
RESULTS
Outcomes by time point are presented in Table  1 . Preoperative knee flexion was predictive of longterm knee flexion (A = 0.44; 95% CI, 0.31 to 0.58; r 2 = 0.42; P G 0.001). Acute knee flexion was not related to either preoperative (A = 0.03; 95% CI, j0.20 to 0.26; r 2 = 0.001; P = 0.80) or long-term (A = 0.09; 95% CI, j0.07 to 0.26; r 2 = 0.005; P = 0.26) knee flexion (see Figs. 1A, B) . Preoperative knee extension was predictive of long-term knee extension (A = 0.46; 95% CI, 0.27 to 0.64; r 2 = 0.29; P G 0.001). Acute knee extension demonstrated no relationship with either preoperative (A = 0.05; 95% CI, j0.25 to 0.35; r 2 = 0.002; P = 0.76) or long-term (A = 0.04; 95% CI, j0.22 to 0.30; r 2 = 0.002; P = 0.76) knee extension (see Figs. 2A, B) . Preoperative TUG performance was predictive of long-term 6MW performance (A = j211; 95% CI, j255 to j167; r 2 = 0.60; P G 0.001). Acute TUG performance was related to preoperative (A = j61; 95% CI, j107 to j14; r 2 = 0.10; P = 0.01) and long-term (A = j62; 95% CI, j97 to j28; r 2 = 0.18; P G 0.001) 6MW performance (see Figs. 3A, B) .
To assess the contribution of changes in acute TUG performance and preoperative TUG performance to changes in long-term 6MW performance, a hierarchical linear regression was performed (see Table 2 ). In step 1, age was added to the model and was significantly associated with long-term 6MW performance (P = 0.04). In step 2, sex was added to the model and was significantly associated with long-term 6MW performance (P = 0.008). In step 3, acute TUG time was added to the model and was significantly associated with long-term 6MW performance (P = 0.02). In step 4, preoperative TUG time was added to the model and was significantly associated with longterm 6MW performance (P G 0.001). However, in the overall model, once preoperative TUG time was added, acute TUG time was no longer predictive of long-term 6MW performance (P = 0.65; see Table 3 ).
DISCUSSION
This was the first study to assess the predictive value of functional performance and ROM measures on acute and long-term outcomes after TKA. Acute measures of knee ROM were not related to longterm ROM outcomes, whereas preoperative measures of ROM were. Both preoperative and acute measures of functional performance were predictive of long-term functional performance. However, preoperative functional performance was a stronger predictor of long-term functional performance than acute functional performance.
Factors affecting ROM after TKA have been examined in several studies. Preoperative ROM has been the strongest predictor of postoperative ROM, with contributory factors of age, sex, obesity, a history of knee surgery, presence of an extensor lag, diagnosis, intraoperative ROM, use of a posterior capsule release, and postoperative tibiofemoral angle. 10,25Y27 In the current study, preoperative ROM was also found to be a significant predictor of long-term ROM. However, acute ROM, measured at a time when discharge planning had begun, was not related to long-term ROM outcomes. This suggests that ROM measurements on postoperative day 2 are not indicative of how a patient will do long-term. Ideally, limited preoperative ROM should be used to identify individuals who will require more intensive, supervised rehabilitation to minimize poor ROM outcomes or subsequent need for manipulation.
The poor correlation of acute ROM measures with long-term ROM measures could be contributed to several potential variables. For example, high Predicting Outcomes in Total Knee Arthroplasty levels of pain immediately after surgery may cause patients to be tentative about challenging their limit of mobility. Therefore, differences in pain tolerance, anesthesia type, and postoperative dosing of pain medication may have led to increased ROM variability at this time point and a lack of relationship to long-term ROM. Time since surgery may also play a role. The measurements on postoperative day 2 in this study were not related to long-term outcomes. However, in Australian studies 28, 29 in which hospital stays are longer, inpatient ROM measurements of extension performed at discharge on postoperative days 6Y8 were related to long-term extension ROM; the same relationship was not observed for flexion. Functional performance after TKA is known to be related to preoperative functional performance, comorbid conditions, age, sex, quadriceps strength in the involved and uninvolved limbs, and postoperative rehabilitation. 5Y9,24,30Y32 In this study, both preoperative and acute performance on the TUG were predictive of long-term functional performance on the 6MW test. However, after adjusting for the effects of age, sex, and preoperative functional performance, acute TUG performance was no longer predictive of long-term functional performance. This suggests that preoperative functional performance is a better measure for determining prognosis when both preoperative and acute postoperative outcomes are available. However, because clinicians do not always have access to preoperative functional data, acute TUG performance can be used to guide discharge planning in the acute setting and predict long-term functional performance.
The primary limitation of this study was that the inclusion criteria for the two pooled clinical trials were fairly strict. Thus, the results cannot be generalized to the population of all individuals who undergo TKA. Comorbidities are known to influence ROM and functional performance, and patients with significant comorbidities were excluded from both clinical trials. An additional limitation was that the rehabilitation intervention used in this study may not be representative of practice patterns in other regions of the United States, which may have affected long-term outcomes.
CONCLUSIONS
For discharge planning in the acute setting, preoperative ROM and functional performance should ideally be used to identify patients who may require close monitoring or intensive rehabilitation. If preoperative measures are not available, acute postop-erative performance on the TUG test can be useful for establishing a prognosis. However, acute postoperative ROM measurements have very limited prognostic utility.
